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4 Electromagnetism 


4.1 Magnetic field 

Terms 

• pole (tlx) 

• north pole (jt®) 

• south pole 

• magnetic field (5ttiJ§) 

• neutral point ( 4 1 



Like poles 

each other; 

unlike poles 

each other. 


Example 1 


P p.152 Eg 1 


Three objects in bar shape are wrapped with paper. One of them is a bar magnet, one is a 
cobalt bar and one is copper bar. Without using any other tools, how can you tell which one 
is a copper bar? 


Identify the two that 


one must be a 


(attract/repel) each other. One of them should be a 

and the other should be a .. The remaining 


2 The space surrounding a magnet where magnetic objects experience a magnetic force is 
called a ( ). 
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Expt 4a Magnetic field patterns 


D3 p.152 


Objective 

To study the magnetic fields set up by permanent magnets. 


Set-up 

Fix a bar magnet to the underside of a Perspex board. Sprinkle iron filings onto the board 


(Fig a) and tap gently with a pencil. Observe the pattern produced. Repeat by placing two 
bar magnets end to end with (a) unlike poles and (b) like poles facing each other. Observe 


the pattern. Replace the bar magnet with two slab- shaped magnets on a steel yoke, with 
unlike poles facing each other. Observe the pattern (Fig b). 


Perspex board 


bar magnet on 
underside of 
Fig a Perspex board 


■t 1 


iron filings 


Perspex board 

iron filings 



two slab-shaped magnets 

Fig b on steel yoke 


Results and conclusion 

The iron filings (can/cannot) show the direction of a magnetic field. 

In the experiment on slab magnets, the iron filings are ‘standing’ on the Perspex board 
rather than ‘lying’ on it. This shows that the magnetic field is 


3 B-field is represented by a series of lines called. . They 

run from the _-pole round to the -pole outside the magnet. The direction of the 

field lines gives the . of the magnetic force acting on an N-pole (Fig 4b). 



weaker field (less dense) 


Magnetic field lines (i) around a bar magnet , (ii) between unlike poles, (Hi) between like poles. 
Fig 4b 
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4 The density of the field lines shows the of the field (Fig 4b(i)). 

5 In Figure 4b(iii), a point at which the magnetic fields cancel each other out is called a 
point. 


6 Draw the magnetic field pattern of the two slab-shaped magnets in Figure 4c. 


Fig 4c 


S N 

S N 

S N 


S N 

S N 

S N 


7 The direction of the field lines can be found by using 


(Fig 4d). 




Fig 4cl 


£ 

£ $ 
j i) 

* 4 


8 The N-pole of a compass needle points (Fig 4e). This means the S-pole 

of the ‘earth magnet’ is actually in the north. The earth’s magnet makes an angle of 
11.5° with the earth’s rotational axis (Fig 4f). 



Fig 4f 


geographic 
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Example 2 

Two bar magnets are placed side by side (Fig a). 


B3 p.155 Eg 2 



Fig a 


(a) What types of poles are A to D? 

(b) Describe the magnetic field at point N1 

(a) A: 

B : 

C: 

D: 

(b) At N, magnetic field due to the two N-poles and the two S-poles 

each other. Therefore, the magnetic field at N is . 


Check-point 1 (p.156) 
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4.2 Magnetic field of electric currents 


Terms 

• right-hand grip rule for straight wire 

• tesla (T) (;c£S)fgr) 

• circular coil 


• solenoid ($11^^) 

• right-hand grip rule for solenoid 

• electromagnet (MMM) 


1 A magnetic field (B -field) can be set up by electric currents. 


Expt 4b Magnetic fields from currents 

Objective 

To study the magnetic fields set up by a current through a straight wire, a flat coil and a 
solenoid. 

Set-up 

Set up the apparatus (Fig a). Sprinkle iron filings on the board. Tap the board gently with a 
pencil and observe the magnetic field pattern. 

Repeat by passing a current through a 5-tum flat coil (Fig b). Observe the magnetic field 
pattern. 

Repeat by passing a current through 10-turn coil (solenoid) (Fig c). Observe the magnetic 
field pattern. 



Fig c 


D3 p.159 
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2 The field lines around a straight wire are . Figures 4g and 4h show the 

directions of magnetic field patterns. The dot or cross symbols represent the current 
directions. 


Fig 4g 



current direction 



current direction 



Fig 4h 


IK 

i current 





f - 1 

•T - 



3 Note that the B -field is the (strongest/weakest) close to the wire. 

Therefore, the field lines are closer near the wire. 

4 The directions of current and B -field can be worked out 

with the 

for straight wire (Fig 4i). 

field 

Fig 4i direc 


If the right hand grips the wire so that the thumb points the same 

way as the the fingers curl in the same way as 

the . 


current 

direction 

K\ 



5 The direction of the B-field at point P is directed along the 
tangent to a circle through that point (Fig 4j). 
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6 The magnetic field B at a perpendicular distance r from a long straight wire carrying a 
current 1 is 



where juq is the . 


7 i 

of free space and its value is 4n x 10 T m A . 


7 B -field is a 


quantity. Its SI unit is 


.( )• 


p.162 Eg 3 


Example 3 

A straight wire X carries a current of 5 A (Fig a). 

(a) Find the magnitude of the magnetic field at the point P. 

(b) Another straight wire is put near wire X such that P is the mid-point between two wires 
(Fig b). Find the magnitude of the resultant magnetic field at P if the currents flow 

(i) in opposite direction. 

(ii) in the same direction. 

/ = 5 A x 


/= 5A 


8 cm 


Fig a 


8 cm 


8 cm 


Fig b 


1 = 2 A 


(Given the permeability of free space // 0 = 4jt x 10 7 T m A ') 


(a) 


(b) lh 


B y = 

(i) According to the for straight wire, B x and 

By have direction. 

The magnitude of the resultant magnetic field is 
B x + B y = 

(ii) According to the for straight wire, B x and 

B y have direction. 

The magnitude of the resultant magnetic field is 
B x - By= 
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8 The B-field around a wire has the following properties: 

i The field lines are around the wire. 

ii The B-field is the close to the wire. 

iii Increasing the current makes the B-field . 

iv Reversing the current reverses the direction of the field lines, but the field pattern 


(p_ Check-point 2 (p.163) 


9 The field lines at the centre of a flat circular coil are and at right angles 

to the plane of the coil. Outside the coil, they run in (Fig 4k). 



10 For a circular coil of radius r carrying a current 7, the magnetic field B at a the centre of 
the coil is 


B = 


11 From the field pattern of the solenoid (Fig 41), it can be found that: 

i inside the solenoid, field lines are and 

=> uniform field 

ii outside the solenoid, the pattern is similar to that of a bar magnet. 
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12 The poles of the solenoid can be worked out using the 
for solenoid (Fig 4m). 


thumb indicates the field direction 
inside the solenoid 



If the right hand grips the solenoid so that the fingers curl in the 

same way as the_ the thumb points the same way 

as the inside the solenoid. 


13 The magnetic field B at the centre of a long solenoid of length / and N turns carrying a 
current I is 


B = 


where n is the number of turns per unit length and n = — . 


Example 4 


p.165 Eg 4 


A solenoid of 30 cm has 180 turns of coil. A current of 5 A passing through the solenoid 
(Fig a). 

(a) Indentify the magnetic poles at the end A and B. 

(b) Find the magnitude of the magnetic field at the centre of the solenoid. 

(c) If the size of the current is halved, what happens to the answer in (b)? 


Fig a 


B 


(a) A: 

B: 

(b) 

(c) The answer in (b) will be . 
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14 The B-field of the solenoid can be increased by 

i the current, 

ii the no. of turns in the solenoid (for the same length of solenoid), 

iii inserting a through the solenoid. 

15 If we make an object behave like a magnet, the object is called 

If we make an object no longer behave like a magnet, we say that it is 


The magnetism of the core dies away as soon as the 

current is switched off. If the core is made of steel instead, it 

its magnetism even after the current has been switched off. 


Example 5 


P p.166 Eg 5 


The ends of a solenoid behave like an N-pole and an S-pole when a current passes through 
the solenoid (Fig a). 



(a) Indicate the direction of the current in Figure a. 

(b) What happens to the magnetic field produced if 

(i) the density of turns decreases? 

(ii) an aluminium core is placed inside the solenoid? 

(c) How do you retain the magnetism of the solenoid after the current is switched off? 


(b) (i) 


(ii) 


(c) 


& Check-point 3 (p.166) 
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Expt 4c Electromagnets 


d p.167 


Objective 

To produce an electromagnet, feel its force and study its magnetic field pattern. 



Set-up 

Wind a coil of about 20 turns on one arm of a 
C-core and connect it to the power supply. 
Switch on the supply and use it to pick up 
another C-core (Fig a). Feel the strong 
attraction between the two C-cores by 
separating them. Switch off the supply. 


17 An behaves like a permanent magnet, but it can be switch on and 

off. 

18 An electromagnet can be made stronger by 

i the number of turns on the coil, 

ii the current through the coil, 

iii inserting a into the coil. 

19 The applications of electromagnets include trains, , 

and . . 

20 The Magnetic levitation (Maglev) train makes use of electromagnets to levitate and pull 
and push the train (Fig 4n). The support electromagnet is used to make the train 

above the rail. The guidance electromagnets change polarities in rhythm 

for the of the train (Fig 4o). 
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21 When the switch of an electric bell is pressed (Fig 4p), the electromagnet will be 

and pulls the hammer across to hit the . As the 

connection is broken, the electromagnet is and the hammer springs 

back. 


Fig 4p 


bell push 

— It 


fl 



contact- 

breaker 


gong 


hammer 



22 When you speak into the mouth piece of a telephone (Fig 4q), the aluminium 

diaphragm . This compresses the carbon granules repeatedly and 

produces a varying . flowing through the telephone cable to the 

electromagnet in the earpiece. A varying . is generated and causes 

the iron diaphragm to vibrate. As a result, sound waves are produced. 


Fig 4q 


' mouthpiece 

I carbon granules 



aluminium 

diaphragm 


permanent electromagnet 
magnet earpiece 



Check-point 4 (p.171) 
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4.3 Current-carrying conductor in a magnetic field 

Terms 

• Fleming’s left-hand rule • carbon brush ) 

• commutator (g|[n[#§) 

• electric motor (MMtl'W) 


Expt 4d Force on a current-carrying conductor 

Objective 

To study the force acting on a current-carrying conductor in a magnetic field. 

Set-up 

Set up the Fleming’s apparatus (Fig a). Switch on the power 
supply and observe any motion of the rider. Repeat by 
turning the magnets around. Then repeat by reversing the 
current direction. 

Fig a 



1 A current-carrying conductor experiences a force when placed in a B -field. The 

directions of the force, the B -field and the current can be worked out using Fleming’s 
left-hand rule (Fig 4r). 



Hold the thumb and the first two fingers of the left hand at right angles. 
The thumb gives the direction of the magnetic force F, if the first finger 
points in the same direction as the external magnetic field B , and the 
second finger in the same direction as the current /. 
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Example 6 

An electron enters a magnetic field as shown (Fig a). 

electron 


ca p.175 Eg 7 


(a) What is the direction of the current due to the moving electron before entering the 
magnetic field? 

(b) What is the direction of the magnetic force acting on the electron? 


(a) Since an electron carries a negative charge, the direction of the current is 

to the direction of travel, i.e. . 

(b) The magnetic force points . 


Check-point 5 (p.176) 


Expt 4e Effect of current on magnetic field 


C3 p.176 


Objective 

To find out how the magnetic force on a current-carrying conductor is affected by the current 
and the length of the current inside the magnetic field. 


Set-up 

Set up the apparatus (Fig a). Adjust the position of the wire until it is balanced. Set the 
electronic balance to zero. 


reheostat 

ammeter 

slab-shaped 

magnets 

books of suitable thickness 
to allow one arm of the 
current balance to lightly - 
sit on the plate of the 
electronic balance 



a small rubber tube 
holding the broken 
arm with no current 
flowing through 

electronic balance 


current balance 


Fig a 


Switch on the current. Adjust the rheostat to pass different currents through the wire. Record 
the corresponding balance readings. 
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Then, fix the current. Add pairs of slab-shaped magnets one by one round the arm (Fig b). 
Find out how the magnetic force is related to the length of wire inside the magnetic field. 



Expt 4f Effect of magnetic field on magnetic force 


D3 p.177 


Objective 

To find out how the magnetic force on a current-carrying conductor is affected by the 
magnetic field strength. 


Set-up 

Set up the apparatus (Fig a). Adjust the position of the wire until it is balanced. Set the 
electronic balance to zero. 



Pass current through the solenoid and place the current-carrying arm inside. Then, pass a 
fixed current through the wire. Adjust the flat solenoid current and record the corresponding 
balance readings. How does the magnetic force change with the magnetic field? 


2 From the above experiments, magnetic force F is increased if 

i the current I is 

ii there is a length / of wire inside the magnetic field; 

iii the magnetic field B is . . 
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3 


From Experiment 4e, 


F cc I (constant 

and ) 


F oc / (constant 

and ) 


From Experiment 4f, 



F oc B (constant 

and ) 


Combining the three proportional relationships, we have 

F cc BIl or 

F = kx BIl 

(, k is a constant) 


lfk= 1 , 


F = 


Example 7 

; A current-carrying wire is put between the poles of a magnet (Fig a). 


ca p.178 Eg 8 


(a) What is the direction of the force acting on the wire? 

(b) The magnet is then put on an electronic balance. The 
reading is 158 g when a current of 3 A flowing through 
the wire. 

(i) If the magnitude of the magnetic field is 0.5 T, 
what is the magnitude of the magnetic force 
produced by the magnet? 

(ii) Find the balance reading when the wire is removed. 



Fig a 


(a) 

(b) (i) 


(ii) As the magnetic forces acting on the wire and the magnet form an 

action-and-reaction pair, the direction of the force acting on the magnet is 


Therefore, the balance reading (increases/decreases) when the 

wire is removed. 

Balance reading = 
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4 When the current 1 is at an angle 6 to the magnetic field B (Fig 4s), the magnetic force 
F becomes: 


F = 



Example 8 


P P-179 Eg 9 


For each of the following cases, find the magnitude and the direction of the magnetic force 
acting on the 1-m wire CD. The wire carries a current of 5 A and is placed in a magnetic 
field of 0.8 T. (Indicate the direction of the magnetic force in the figures.) 



(b) 


X 

X 

X 

D 

X 

X 

c 

X 

_\30_ 

X 

x <£ 
S' 

yy 

X 

x l 

X 

X 

X 

X 


B 


(a) 

(b) 


Example 9 


M p.180 Eg 10 


Two straight parallel wires X and Y are 20 cm apart. Wire X carries current l and wire Y 
carries current 2 1 in the opposite direction (Fig a). 


Fig a 




(a) Find the magnitude of the magnetic field produced by wire Y at the position of wire X. 

(b) Find the magnetic force per unit length acting on wire X. 

(c) Mary says, ‘Since the current through Y is two times that through X, the magnetic force 
acting on Y is two times that acting on X.’ Comment on Mary’s statement. 

cT Hint: The B-field at Y due to the wire X is pointing downwards. 
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(b) 


(c) Her statement is 


on both wires are an 
magnitude but in 


According to Newton’s third law, the forces acting 
pair. They have 


directions. 


Check-point 6 (p.180) 


From Example 9, we can come up a formula for the magnetic force between two long 
straight parallel current-carrying wires. 


Combine the formulae B = 


Boh 

2nr 


and F = BLl. 



6 Note the forces on both wires are an action-and-reaction pair (Fig 4t). 



<x)e 2 


e,(x> 


Fig 4t 


(i) Two long straight parallel wires attract each (il) Two long straight parallel wires repel each 

other If the currents are in the same direction. other if one of the currents is reversed. 


7 Based on the above expression, the definition of ampere is: 

The ampere (A) is a constant current, which, flowing in two 

wires, placed 1 m apart in a vacuum, would 

produce a force between them of 2 x 10 newton per metre of the wire. 
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8 Applications of the current-carrying conductors in a B-field include 
and . 


9 Electric motor is a device which converts energy to 

energy. 

10 A rectangular current-carrying coil turns when it lies between two magnetic poles 

(Fig 4u). As shown in Figure 4v(i) and (ii), the coil first turns 

(clockwise/anticlockwise). When the coil is vertical, it experiences turning 

effect but it shoots past the vertical by (Fig 4v(iii)). After that, the 

turning effect reverses and the coil turns back (Fig 4v(iv)). As a result, the coil vibrates 
a few times and comes to rest lying along the vertical. 



Fig 4u 


(0 field direction 00 field direction 



© Oxford University Press 2010 


19 


New Senior Secondary Physics at Work 





Expt 4g Constructing a model electric motor | a P .i83 

Objective 

To construct a model electric motor using an electromagnetic kit. 

Set-up 

Construct a model electric motor (Fig a). Connect the ‘brushes’ to a d.c. power supply. 
Switch on the supply and watch the rotation of the model motor. 

axle 


Fig a su PP!y 

11 A simple d.c. motor (Fig 4w) contains a 
rectangular coil which is free to rotate 
between the poles of a magnet. Current 
flows into the coil via a pair of 

and a 

(or split ring). 

Fig 4w 







12 The commutator reverses the _ direction every half turn of the coil 


(Fig 4x). This allows the coil to rotate continuously. 

0) 00 (Hi) 



Fig 4x 
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Example 10 


CQ p.184 Eg 11 


A rectangular current-carrying coil between two magnetic 

poles is shown in Figure a. 

(a) State the direction of the magnetic force acting on each 
side of the coil. 

(b) What is the direction of rotation of the coil as seen by the 
observer? 

(c) Why does the coil finally stop and lie along the vertical? Fig a 

(d) How can the above set-up be turned to a d.c. motor? 

(e) Explain how the changes in (d) making the coil rotate continuously? 

(a) Side AB: Side CD: 

Side BC: Side AD: 

(b) 

(c) When the coil is vertical, the magnetic forces act along the same line and 

each other, and the turning effect becomes . Therefore, the coil 

finally stops and lie along the vertical. 

(d) Connect the two ends of the coil to the power supply via and 




(e) The commutator reverses the through the coil when it changes contact 

from one brush to the other. This also reverses the acting on the coil. 

Therefore, the coil keeps rotating in the same direction. 


(p_ Check-point 7 (p.185) 


Expt 4h Investigating factors that affect the turning effect on a coil 

B3 p.186 

Objective 

To find out how the turning effect on a coil is affected by different factors 

Set-up 

Construct the same model electric motor in Expt 4g. Observe how the turning effect is 
changed by: 

i modifying the size of the current through the coil, 

ii changing the number of turns in the coil, 

iii increasing/decreasing the area of the coil (within the B-field), and 

iv using stronger magnets. 
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13 The turning effect on a current-carrying coil inside a B-field can be increased by 


i 

the current. 

ii 

the number of turns in the coil. 

iii 

the area of the coil (within B-field). 

iv 

the strength of B-field. 


Example 11 


CQ p.186 Eg 13 


A square coil (Fig a) of N turns rotates about axis A in a magnetic field B (Fig b). The coil 
carries a current I and the length of the coil is /. Figure b shows the end view of the coil. 



(a) Draw the forces acting on the two sides of the wires in Figure b. 

(b) What would be the effect on the magnetic force if 

(i) the poles of the magnets are reversed? 

(ii) the direction of current is reversed? 

(c) Find the magnetic force acting on the side PQ. 

(d) If the area of the square coil is doubled, how will the answer in (c) change? 

(b) (i) 


(ii) 


(c) Force acting on a single coil = 

Since there are N turns of coils, F = 

(d) Since the area of the square coil is doubled, new length of the coil is . 

According to F = NBIl , F oc if N, B and I are constant. Therefore, the answer in 

(c) increases by a factor of . 
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14 A practical motor (Fig Ay) has several modifications to the simple d.c. motor: 


i The coils consist of a large number of turns. 

ii Coils are set at different angles and wound on a 

soft-iron core called . This gives 

a smoother running and greater turning effect. 

iii magnets are used so that the coils can 

stay longer at right angles to the B -field. 



curved 

pole piece armature 


Fig 4y 


15 An a.c. motor is different from a d.c motor by using rather than 

permanent magnets. The changes direction as the current flows 

backwards and forwards through the coil. Therefore, the motor carries on rotating in the 
same direction. 


16 In a moving-coil loudspeaker, the wire of the short free coil is at right angles to the 
B-field (Fig 4z). The alternating current flows backwards and forwards to make the 
cone and emit . 



& Check-point 8 (p.189) 
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Hall effect 


Terms 

• random (MM.) 

• drift velocity 

• Hall voltage (UTf1||l§) 


Hall effect 

Hall probe (IS^iMfi) 


1 Figure 4aa shows the movement of an electron in a metal. 


Fig 4aa 



displacement = 0 net displacement = drift velocity x Af 

The movement of an electron in a metal (i) without and (ii) with an electric field. 


i In absence of E-field (Fig 4aa(i)), the free electron in a metal moves 


The total displacement over time is _ 
=> The current through the metal is 


ii In the presence of E- field (Fig 4aa(ii)), the electrons accelerate in the direction 

to the field direction. They collide with -rve ions and change 

directions. Finally they attain a steady velocity of about 

10 5 m s _1 and produce a current. 


2 Note that the drift velocity of the electrons is 


to the current direction. 


3 Consider a conductor of length / and uniform cross-sectional area A (Fig 4ab). 


Fig 4ab 


current = / 



charge carriers per 
unit volume = n 
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If the conductor has n charge carriers per unit volume and each carrier carries a charge 
Q , then the relationship between current I and drift velocity v is given by 




4 The magnetic force experienced by a current is in fact the sum of the force acting on 
each moving charge. From Chapter 4.3, F = Bll sin 6 
Combining with 1 = nAvQ, 

F = 

Since the total number of charge carriers in the conductor is nAl, the magnetic force 
acting on each charge carrier Fq is: 



5 The direction of the magnetic force can be found by rule 

(Fig 4ac). 

0) F (ii) 

4 D 


Fig 4ac 
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6 Since the magnetic force is always to the moving direction of the 

charge, the work done on the charge by the magnetic force is and the 

speed of the charge is . 


Example 13 

A proton with charge 1.6 x 10 19 C is moving into a 
magnetic field at 60° (Fig a). What are the direction and 
the magnitude of the magnetic force acting on the proton? 

The direction of current is the moving 

direction of proton. By Fleming’s left-hand rule, the 

direction of the magnetic force on the proton is 

F = 


M p.195 Eg 16 


B= 3.5 mT 



(p_ Check-point 10 (p.195) 


7 Consider a current-carrying conductor in a perpendicular B-field (Fig 4ad). Charges are 
accumulated on one side of the conductor and a potential difference called the 
is developed. This phenomenon is known as the 


8 



When the electric force due to the accumulated charges x 
balances the magnetic force (Fig 4ae), x 

Fe = Fb x 

— X 

E= (1) 

Fig 4ae 


F b = BQv 

X X X X X 
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Since electric potential E = -j - , 

=> V H = (2) 

By the relation between current and drift velocity, 

/ = nAvQ (3) 

Re-arrange the terms in (3) and by A = tel (Fig 4ad), 

=> v= (4) 

Substitute (4) into (2) and we have the Hall voltage Vh 

=> V H = 


9 The direction of the magnetic force depends only on the 
but not the sign of the charge carriers. 


10 Semiconductors may have +ve or -ve charge carriers. The sign of the charge carriers 
can be determined by the sign of the . 


Example 14 


CQ p.198 Eg 17 


A semiconductor strip carrying a current of 3 A and is put in a uniform magnetic field (Fig a). 
The Hall voltage is 8 pV. The top surface of the strip has a higher potential than the bottom 
surface. (Given the charge of each charge carrier = 1.6 x 10 -19 C) 


B = 0.5 T 



(a) What is the sign of the charge carriers? 

(b) What is the drift velocity of the charge carriers in the strip? 

(c) Find the number of charge carriers per unit volume. 

cT Hint: For part (a), consider which side the charge carriers accumulate. 


(a) By Fleming’s left-hand rule, the magnetic force is acting . Therefore the 

charge carriers accumulate on the surface. As the top surface has a 

higher potential, the sign of the charge carriers is . 
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v 

(b) Since the electric force balances the magnetic force and E = — , we have QE = BQv, 

d 


v - 


(c) By V H = 


Bl 

nQt 


n 


1 1 


(Fig 4af) is a device for examining a static B -field. It consists 


of a 


and a 


connecting a semiconductor. 


Fig 4af 



12 When a Hall probe is in use, a steady current is sent through the semiconductor .The 
probe is connected to a voltmeter to measure V H , which is proportional to B-field. Since 
the voltmeter reading indicates the magnitude of B-field, the Hall probe can compare 
the relative strengths of B-field directly. 


Expt 4i Measuring magnetic fields with Hall probe 

Objective 

To measure magnetic fields using a Hall probe. 


03 p.199 


Set-up 

Connect a Hall probe to a multimeter. Place the probe 
head between the poles of a pair of slab-shaped 
magnets to measure the B-field (Fig a). Repeat by 
placing the probe head at different distances from a 
current-carrying wire and at different positions of 
solenoids with different currents and sizes. 



Hall probe 


Fig a 
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Results and conclusion 

A more sensitive multimeter (should/should not) be used in the 

experiment as the V H produced is quite small. 

For the solenoid, a uniform B -field is detected at the of the solenoid. 


Example 15 


CQ p.200 Eg 18 


A piece of material of 2 cm wide and 0.5 cm thick carries a current of 3 A (Fig a). It is 
placed in a uniform magnetic field of 4.5 T. 


B = 4.5 T 



Calculate Vh if the material is 

(a) zinc. 

no n 

(No. of charge carriers per unit volume = 19 x 10” m , charge of each charge carrier 
= -1.6 x 10 -19 C) 

(b) semiconductor. 

nc _o 

(No. of charge carriers per unit volume =10 m , charge of each charge carrier 
= 1.6 x 10“ 19 C) 

(a) 


(b) 


Check-point 11 (p.200) 
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p.201 Eg 19 


Example 16 

A proton is moving into a magnetic field of 8 mT with a speed of 3 x 10 4 m s _1 (Fig a). 




Fig a 


X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 


(a) Find the magnitude and the direction of the force acting on the proton when it enters 
the magnetic field. 

(b) Draw the path of the proton after entering the magnetic field 
in Figure a. Explain your answer. 

(c) Find the radius of the path of the proton. 

(d) How long will the proton stay in the magnetic field? 

Given the charge and the mass of a proton are 1.6 x 10 C and 1.67 x 10 kg respectively, 

(a) 


(b) When the proton enters the magnetic field, a magnetic force of a . 

magnitude acts on it. The force is always to the moving direction of 

the proton, providing a force for the proton to undergo circular 

motion. 


(c) 


BQv = 


2 

mv 

r 




. ' . The radius of the path of proton is 
(d) Period of circular motion = 


. ' . Time taken for the proton to stay in the magnetic field = 
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